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i. To describe th= ricthcc used t 



tcr 



and the rationale for tha selection of raiiation shielding fao 
for use In ths e:ia.-ples. 

DISC'-'ssiCN 

2. 2he noAal used to oor.pute fallout near sroun.2 zero for U32 
ir. th.= WSEG fa.t-ity n-.odal is baoed directly on the r.odel of 
WSSC- Research Hen:crandia=: Ho. 10, and is identical v;ith that used 
in the calculations of the Joint Atomic Waapons Planning Manual. 

3. Eie arsa fallout niodel is the same as that described in 
WSSG- Hssearch Ms-crand-a.T. No. 5, but uses sor.evrhat niore up-to-date 
values for the ?ara.-etsrs, and will be described in" -ore detail. 

4. This :=odel -akes use of the fact that fallout wind condi- 
tions cannot be predicted in advance of an attack. Therefore 
(except for the snail percentage of fallout which is deposited 
in the iTinediate vicinity of ground zero), the areas hazarded by 
fallout frorr. ar^- given burst point cannot be predicted in advance. 
It i-j only teoTO that siost of the fallout will come dov.T. somev/hsre 
in .thr: general vicinify of the burst point (usually v/ithin a reu 
hund-;d niies). The model, therefore, makes the Gi.-plifj^ins 

assr )tion that the actual location of the fallout is rando.T,ly 
loc. d sorr^evrhera in the general vicinity of tha burst point. Jor 
purp -s of the calculation the total national area is divided 
mtc ■, n-^-.ber of regional sub-areas and the e::pec;ed f=iiout 
cas-.-:. ICS in each sub-area are ccinputed as if the fallout frcr. . 
eac; ■. -.cnaticn v:ere randonly located within the sub-area. This 
■set- .. .r calculation tocether v;ith scr.-.e si:nplifyins natheaatical 
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'ro2ulr.s of this cc-putatior.;! tecl-r-nio'-S: iiava chJclMu or. 

sever-a-l orcasior.s ar;-iiv:3-c dstailsd oalcuistlcic- done bo-;h in3i.c2 
ar.d ou-tsida ^'£EG, e.r.d have besn ?cv.-d to ir. aood asrssKent 
v.'lth the results obts-ined fron the -era detailed analysis. 

5. Kovfsver, since the publication of P.M-?, a nuiftber of refir.s- 
nents have occurred in the stats of the art in fallout calaula- 
ticn, so that it is no longer appropriate to r.aks use .of er.actly 
the se-T.e dose vs. area relations to describe fallout areas frora 

a single detonation. For this reason the basic input data for tlie 
r.od8l have been revised. The fcsisic dose vs. area data used in the 
present calculation are no longer based on the old RAi'D Me:r.oranduT. 
?.:^-lSS9, but are based on the r.ore recent estiinates in V.'SSG Research 
Memcrs-nduni lie. 10. 

6. The dose vs.' area results in Msaorandu.-s No. 10 deps;id not 
only on yield, but on wind velocity, and wind shear as well._ In 
order to obtain a tv-pioal or reasonable estimate of this relation 
the dose vs. area relation was based on an expected valus analysis 
in vrhich the expected area of each dose contour was ooraputed 

■ using a nixt-are of weapon yields frora 1 to 20 negatons and a ■ 
mlature of viind velocities and vrind shear conditions. Actually 
the results in terns of percent casualties for a given nuiiiber of 
megatons are not very sensitive to the differences involved in 
the ml-xture. ^.e r!ixture ^vas used only to give as typical an 
estimate of casualties as possible. 

7. The doses usad in the calculation are based on the maxiir.ur. 
biological dose contours of R-M-IO, vvhich are essentially eauiva- 
lent to 9S-hour c-JL-nulative doses integrated from the time of 
arrival of the fallout. The yield r.ixture chosen contained equal 
a.-nount3 by megatonage of 1, 3. 10, and 30 :negaton weapons, -he 
■ v/ind conditions used contained 0, 10, 20, 40, nnd 60 ioiot winds 
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in ti:;3 U.S. 



c^. The ro£;::-i::3 ::ooe v:^ . a:^-a r-latlcn par niecnton for ICO 
perosnt fls3io- yielcu at r-c^- in a very i™ ar-a is: 

ah!;a v-ZlH rosz: C KI-^TER T::A:: 



,600 



15,000 10 
9 J 700 3Q 

^.900 .100 

2.200 300 

500 i^coo 

3^000 

32 o 10 J ceo 

30,000 



To set ccrrespcr.dlr.g resv.lts for cthsr fission vialis, all f.ozr.s 
ars rrultipliac by fraction of fission yield. 

9. Thssa fi?r:irss ignore acdi tlonal effects cue to Incucsd 
Ectivitv 

\ On tha other hand, the 

figures are based on the DASA esti-ate cf hypothetical h -r 1 total 
z:r^a dose rate per .T^egaton fission v^iiich is about 2.5 x 10^ 
•.■••.•:;:t2;en per hour x square 3iiies/:rr. According to a recent 
v:^,:-iinary calculation of fractionation cf radioactive gases by 
"'L this estir^ate could be a little high. 

A sniooth curve based cn the data in the preceding table has 
*.3ed to calculate the e:.:pected distribution of dose vs. ar^a 
. large nunber of v^eapons are cropped, at rando.- in the sar.e 
•irsa. The calculation vras carried out by niachine ccmpu- 
• - m the follov;ing ;7ay. . Let be the probability 

v:: .:tion of dose, D , at a random point for y niegatcns 
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This rorm^ola i^s evaluated in an iterative procedure t^.ich began 
with the dose area relation given above and built .u? by successive 
factors of two to the realistic attack densities. 

11. Figure 1 shows the results of this integration, in hea\y 
lines plotted on log normal graph paper for comparison with the 
los normal approximation of Rr4-5. The parameters of the sinioli- 
fied formula of ?J^-5 were adjusted to give a good fit to the 
results of the integration for 1.2 tens fissicn/ni. ^. The light 
lines in Figt^e 1 show how this approximation as used in the 
analysis coniparss v:ith the resiUts of the detailed calculation. 
While the accuracy of the fit is inevitably not perfect, it seesis 
sufficiently good for the purpose of the analysis. 

12. The calculation of area casualties by the method of ?.M-5 
depends on breaking the area to be attacked into n:ore or less 
homogeneous, contiguous sub-areas. In order for valid ansv/ers to 
be obtained it is necessary that the sub-areas be sufficiently 
large that they exceed the size of individual fallout patterns 

yet sr.all enough that they can properly allow for niajor differences 
in attack density from one area to another. Sample calculations 
for the United States were carried out using individual states 
as the sub-iarc-as. -The calculations -/ere then rcpeetea using o.nly 
twelve major regional areas in the country. Even f or. optlTiized 
attacks the differences in results were not more than 1 to 2 
percent in the estimated population casualties. Consequently it 
v;as concluded that the use of sub -areas as small as states did not 
lead to serious errors in the resulrs, and these areas were used 
in all the calculations of this r-eport. 
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eastern cos.3t of th.£: United Statez, Zc:c^^.x^ tLz prrvaiiiric -'i^^cl ^ 
rr-c;;i the^e citiec vrculi oftan c^^rry fall-jut fron: these tt.r^:-t:5 
cut over the Atlc:ntlc Cc-aan, it v;as decidc-d not to include ar-sa 
fallout frori v/eapcns on these cities In the calculation. Kov:ever, 
the emission of fallout frcn these targes ts as it turns out did 
not significantly reduce estimatsd casualties. 

1^. The selection of shielding factors for calculations of this 
t^^pe is alvrays somev:hat arbitrary ^ since the actual factors vrhich 
should be applied depend not only on the available shelter, but 
also on the behavior patterns of the population. Tlie specific 
distribution of shielding factors used in this calculation for 
the unsheltered population has a riedian residual nvunber cf .3^ 
vrith a riaxinum of .50 and a znininum of about .05. This is 
intended, to correspond to the psrfornance of a relatively un- 
disciplined population, ssakinr reasonable use of readily avail- 
able shelter. Best available residential shielding factors 
estimated for CCDr4 by DAS A correspond to slightly better shield- 
ing factors, giving residual numbers about 30 to 50 percent 
lov;er than these. The difference betv;een these two sets of numbers 
is- intended to reflect the failure of a real population to find 
and r.er.ain in the areas of best available shelter. The uiicertain- 
ties concerning the shieldir^g factors for this unsheltered case, 
even though they are quite large ^ are net enough to introduce 
sr«ajor errors in the estiniated casualties. 

15- Hov:ever, the shielding factors used for the sheltered case 
are much more ' uncertain. Since the purpose of the analysis of 
a sheltered case in the United States is to compare the effective- 
ness of shelters vfith active air defense and offensive counter- , 
force systerr.s, it v;as decided to use a conservative estiT^ate cf 
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- oi"-:-3 :^rlv--:-:i: c.:: z rii^l;;er- p— -ra^nr uhi-^ v-y, if i::,^ re- 

sult or tnc cc::^i:H:^li:c>n provors uiuvivcrc^ble to offensive ccu:-r:-- 
rorci syrtrc::.£ the rs-^A3.t cannot be attributed to cin ovc:reGti.::atc: 
of the crrectl venei::^ of shelters, 

16. The shelter program considcrecl provides shelters ivhich give 
rsdi&tion shielding factors in ejccess of corresponding to 

residual numbers less than .002. noviev^r, it would be unrealistic 
to use such a residua^, number as a single tin:e avera-ed result 
because the population cannot reniain periTianently in the shelter. 
The specific tine average residual nur/car of .03 used as the 
median in the sheltered case can be obtained by continuous 
occupai:icy of the shelter for about one month ;v-ith little or no 
shelter thereafter. The sar.e residual nuziber can also bo achieved 
in £ large nuniber of other v;ays which are probably considerably 
r:cre lil-ely. ?or instance, continuous occupancy of the shelter 
for ten days followsd by intermittant exposure outside the shelter 
equivalent to about eight honors a day v;ith normal enviroa-iental 
shielding, for about the next three months, produces about the 
sane tine averaged residual number. If shelters are available, 
and are adequately stocked, as they can be, with pro\-Lsions for 
^ibout one nionth of continuous occupancy, then it is clear that 
residual nur/oers considerably better than .03 can be obtained. 
Thus the use of a median residual number of .03 for the sheltered 
case seenss to represent a clearly conservative estimate of the 
effectiveness of shelters. That is, the effectiveness of the 
shelters should actually be considerably "be ttc-r than this, 

17. 'On the other hand, it is not at all clear how much better 
;r shelter performance might actually be. If one ca'rries out a 
.:ple calculation of dosage that might be received by a really 
■,1 -disciplined population, very large improvements appear to 
possible. ?or instance, if very good shelters, RH .0005 or 
: ter, v-ere occupied continuously for one month fcllov-ed by 
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^.::jir..:j.l:^;j...i -X^IJ^/ -iiipc^ur^: cl iiot i;::;:':^ z\iv:i e:i:v::t hcurc a i*c:- 

v;har3 efi^ictive c-3Contc:riin:itiO;i reduced dcc^s b^- ab:tut a - 
factor or three^ then a tiiT^e averaged residual n-Tibcr or about 
.0013 v:hich is tvvantj tiniss better than the .05 could be do tallied 
in principle. vJliile such behavior night be very realistic for 
a select group, it is not at all clear that such vrsll-disciplined 
behavior could ever be obtained by the bulk of the national popu- 
lation. Consequently, the uoe of such shielding nunibers might 
result in a gross overestiriiate of the effectiveness of shelters. 

iS, Moreover, the calculations indicated above are based only 
on the effects of ercternal gan-jna radiation in the production of 
fatalities v;ithin a r.onth or so. As a shelter prcgrani beccnes 
core effective in protecting the population against this primary 
hazard (v:hich for an unsheltered population is by far the r.ost 
serious problem), other hazards v;hich previously vie re of lesser 
importance begin to create a comparable threat. 

19. VJhile it is not easy to 'estiniate quantitatively the impor- 
tance of these factors they do create problems vniich tend to 
reduce the effectiveness of a shelter prcgrair. in achieving V;hat 
otherwise might be its ultimate capability. Tv-zo of these problems, 

specifically leiil-iemia and sterility, merit special consideration. 

20. 'jTnere is an indication that even if the human exposure to 
radiation is kept lov: enough to avoid serious radiation sickness, 
the cumulative result of lov/er doses over a longer period of time 
can produce sterility. This concept is based on a v;ell -controlled 
and documented sequence of experiments v;ith male Beagle dogs, 
v:hich demonstrated that a total cumulative doss in excess of 350 
roentgens produced permanent sterilit;^^ in the dogs, regardless 

of the exposure rate so long as the dose per weelc e^xeeded Ip 
roentgens. Since the other biological responses of Beagles- to 
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lil.-l;/ 'c'.'i-^'z 3MC:"^ a stsrlllzr^tiiin v;ruli occur 1:: hur:3.rii. 

eiia-jt :;culu T.cst l:-r;cri;z:r-i in a •vell-'lin;ciplinc; J rccif 
wh^re v;as Iz^zt suificisntly lev: to avoid ciclciess, i:ut 

whars the tctal oui^iulative dcse ccuii as high as ICCO rcsut^ens 

21. A seccr.d problem v;hich is 'l:::.^crtaT.'z v;here protection frcni 
the e::ternal garina radiation is quite |tcod, results frcin the ir^- 
gesticn of Sr^^. St^'^ is chen;ically quite si-iilar to calciuri, so 
this ralioaotive cor.tair;ir.ant enters the food cycle and tends to 
icdss in the rones. The resulting radiation of the bone marrov; 
can pr educe leul-rer-ia. 

22. An average attack density of about 1 par thousand square 



nilesv v^hich vrculd ce about 3CCC MT toT:al in the United States, 
v;ould be estir.ated to produce Sr per square 

dile. Using data frozn the United nations Scientific Ccinmittes on 
Effects of Atomic ?.adiation this density of Sr''^ vrould be expected 
to produce le'.il'ien-iia after many years in about 1/2 p-3rcent of the 
population. However, if the attack tended to be r^ore concentrated 
in the heavily populated areas of the country the incidence of 
leulcemia v;culd probably be greater by about a factor of tv;o. 
These estimates ass^ne that s\:Lrvivors of the attack are able to 
jiaintain a diet in v:hich calcium is obtained pri:r.arily thro^ogh 
uiilk. On the other hand, if the attack density %-ere niuch higher, 
perhaps as high as oOCC KT total, then, the percentage of livestock 
survivias the early gcjrjna radiation v.'ould probably be so sinall 
that the basic diet after the attack Viould have to be a vesetarian 
diet v:ith er^phasis on grains, potatoes, and vegetables. In this 
case the Sr^^ to calcium, ratio .in the diet venule be higher by 
about a factor of 2 due to the heavier attack and by an additional 
factor of 6 tecause of the absence of the cov/s v.'hich othervrise 
.-.-•ould l-pcse a selective filtering against the. Sr^^. In this case 
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a^ps-crri-te ccu:l-ar;-^;:^s^lv.^n. :D-p plcwlo£ or the soil sight » 
decr^;a5e the " content of the focci prociuosa ty a fact-cr cf 2 
to o. But this is .an expc-nsive operation requiring; special eculD- 
m-nt, and it ia likely to seriously decrease productivity. 
Addition cf calci-T. to the soil misht also help, but this would 
require many tons per acre. 

23. Clearly the prol:lem3 of health and survival for the popula- 
tion become progressively more difficult as the attack density io 
increased even if one ignores entirely the effects of early gani'na" 
rays in producing direct casualties. Thus, V7hile it is possible 
in principle to obtain very high shielding factors against early 
ganuna radiation, it is not at all clear that the increase in the 
nuTxber cf sur^/ivors would be nearly as large as one might esti.T.ate 
vjhere only the effect of the early gar-a radiation is considered. 

24. rne shielding factors selected for the sheltered case vrere 
chosen to be sufficiently conservative that it is almost certain 
that a v;ell-orsanized shelter program could achieve them, and 
probably do considerably better. However, it is by no means clear 
hoiv much better performance could actually be achieved because 

of the compounding of other factor;^ v;hich co-plicate the problenis 
of health and survival for those v;ho escape e:ccessive exposure 
to the early radiation. . 

25. The casualty figures computed for the Soviet Union 'in this 
st^^dy are done in tv;o ways, one using the shielding distribution 
for the unprepared case and one using a shielding distribution in 
v;hich '^0 percent of the urhan population and 20 percent of the 
rural population are credited v;ith a shelter posture, like that 
used In the sheltered case for the U.S. This second posture nay 
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-vir" v:-ll cr.-Tczy.o-S ci:::i:cly'vc tho pr^ac-t Soviot pccturt:, 
Iz uiid :.n B:i;clccur- ^^A'* to iilustriits er^ects In the Sovi-t 
Ui-iicn. Ii- at rutuj;'£i date the Soviets aac?t a r::rre e::tei-icivS, 

shill'.^jr prcsr^in, ca?-ualti£S v;culd, of courts, be considerably iocs 
then estiTtated h*re. 

26. In ths li:r.it of a perfect shelter and civil defense progra-, 
the potsntial aair.age v;hich ml^ht contribute to the deterreiice of 
Soviet hostilities^ r.i£;ht have to be raeasured prir-.arily in terms 
of the Gar«a£e to urban industrial flccrspace (v;hich is also 
shov.Ti), Hcv;ever, destruction of livestock, denial of farra land 
by radioactive contaniination (and the inconvenience of prolonged 
occupancy of crov:ded shelters) vfould also be pertinent factors. 

27. The level of attack rea_uired to produce heav^y casiialties in 
sheltered rural population as a result of blast or direct effects 
of nuclear v;eapcns is e::tren:ely high, probably r^ore than a hundred 
tines that required for similar fatality levels in the urban 
population. On the other hand, it is not generally believed 
that potentially heavy casualties in the rural population are 
neceosar^' for deterrence. 

23. Since only about 30 percent of the population of the USSR 
resides in urban areas, popvilation cas-ualties much above the 30 
percent level are very difficult to achieve if radiation effects 
are not considered. On the other hand, heav;;- casualties in the 
urban population car. be achieved at relatively lovj force levels 
even v:hen only the effects of blast are considered. Sheltering 
of the urban population in blast hardened shelters of about 100 
psi inight increase the force level required to obtain heavy 
casualties in this group by perhaps a factor of 4. Hcv;ever, since 
the force level required to obtain 30 percent casualties is not 
very high this v;culd not greatly increase the reqvrLrements for 
deterrence. 
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h::r;:i c^^Elit:', lor:i: cccup^nry, shiltor^, or if a hijth l^vel or 
casualties ::-2rs required in v:o 11 Its i-cc; r^^ral pcpulitior; Co-zZ 
the roroe level na-scs-c: to ?rocuc3 the ra-juirsd casualties ceccr.2 
really lar^e. Iii these cases the force levels become sc large 
that it £ee:r.s rr.ore appropriate to measure the CG-nage required for 
deterrence in tsrr.s ether than direct hu:r.an casualties. Under 
these c ir CUTIS tances ether -aasuras of dar:age such as urban indus- 
trial floorspace appear TiCre appropriate. 
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TO hijclcguk:: 



TH5 FE A SIBILITY OF ACHIEv^hEN' 
■CO JlflEHFOiiL/'ii OB-jECTXVijS 



?T OF 



I3;rR0DUCTI0H 

a. The purpose of this Append!:: is to explore the potential 



the purpose of blunting the effect of nuclear attacks on the 
toited States. 

2. The fact that delivery of a \-ery small fraction of the 
Soviet nuclear forces estimated for the time period of this 
study is sufficient to inflict unprecedented levels of devasta- 
tion in the U.S. has been demonstrated' in Appendix "D" . This 
fact raises the question of whether it vrill be possible for the 
U,S. to prevent unacceptable destruction to the U.S. through the 
employment of counterforce systems. 

3. There are tvfo main contexts which must be considered: 
the case of U.S. initiative in which U.S* offensive forces may 
be able to attack most enemy forces prior to their launching; 
and the case of Soviet Initiative in v;hich only a residual part 
of the Soviet force is subject to attack by U.S. weapons. 

4. In addition to U.S. offensive forces, passive civilian 
defense measures such as fallout shelters, as well as active 
defenses against manned aircraft. and ballistic missiles, must • 
also be considered since they contribute to the same objective 
of bl\inting the effectiveness of attacks on the United States. 

5. In order to assess the value of various methods of reducing 
the effect of Soviet attacks on the United States, we shall 
concentrate primarily on U.S. population fatalities as an Indi- 
cator of U.S. national damage produced by Soviet attacks. Other 



value and the " limit 



ations of 



emploi^TTient of U.S. systems for 
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indicatoi-5 of nttionai oaniaGe sue:* d€G traction of InCx^'^zry. 
transportation, co.Tjnxml cat ions, or government, while also v;ort:T- 
or consideration, are largely correlated vcith population fatali- 
ties. In any event these other measures, if included, v:ould only 
serve to increase the estimates of total national damage above 
the estin^ate based on population fatalities alone so that the 
use of population fatalities can be Justified as giving a lower 
limit to the actual total national damage hov;ever it might be 
measured . 

DISCUSSION OF AN EXAMPLE 

6. In order to give the reader some appreciation of the con- 
tribution of U.S. counterforce which can be e::pected, the dis- 
cussion V7ill begin with the treatment -of a particular example. 
Ivhile it must be recognized any single example is necessarily 
based upon niany assumptions uhXch are open to debate, it is 
felt that the present example is not unrealistic for the tijae 
period of this study. In any events the subsequent discussion 
Vvill treat many variations of assumptions, the sensitivity to 
the assumptions, as well as ultimate limits. 

7. The example chosen is a case in vJhich the Soviets take 
r.e initiative. The assumed Soviet force posture is given in ■ 
; .ble I, v;hich presents numbers of long-range strategic weapons 
\ inventory, the configuration of the forces, the fractions 'of 
bases of each v/eapon whose locations are assximed knovm to 
U.S. with sufficient accuracy to pennit targeting, the frac- ' 
of each force for v;hich launching can be commenced in the 
.-t half to three-quarters of an hour assuming preparation 
c.''-: -nsurate with a Soviet initiative situation (i.e., the frac- 

which can be launched v/ithout any interference from a U.S. 
OL.'. ierforce response), the fraction of each force for which 

is ordered which is actually delivered to the target, and 
.-.-ly the yield of the v/eapons. xf/S^- \ 

'^^'***'?C2=»j» Appendix to r»-- : . 
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V/eapon 
System 

I cm 



SLBM 



Confl/:curatlon 

Soft, 3 per aim 
point 

100 psi, 1 per 
aim point 

Land mobile ' 



TABLE I 

SOVIET FOnCE FOSTIJRP: aXAMFLE 
Fraction of 

Bases WhoGe Fraction of Force 
Location Ready for Launch 
in First 1/2-3/4 



Known V/ell 



200 



200 



200 



30^ in port among 300 
17 sub bases 



Bombers DiraUributed among Hoo 
100 airfields 



903; 



Target 


^Situation 


. 60;?; 


70% 




60% 




50% 


100% 


70% of aubs 



in port 



Deliverable 

^Fract- ion 
HeiiaSlTLity x 
P^cin e.^rabillty 

.7 X 1.0 => .7 



7 X 1.0 = ,7 



9 X .4 = .36 



o. T'o illustrate what night be accon-plisneci by a U.C, ccuntt:] 
force strike subsequent to Soviet Initiation of hostilities, it 
is assu.-!od that the U.S. inraediatsly executes a counterrorce 
strike against the residual. ts:i*get systemj 

1 



9- The residual target system — the e:*n5ected numbers of 
weapons remaining Trom the initial viave.of the Soviet attack 
distributed amons the knovm bases — is shown in Table II, 
together with the vulnerability assumptions and overall single- 
shot kill probabilities for the postulated U.S. counterforce 
v/eapon, 

TABLE II 

R2SIDUAL TARG5T SYST5M OP SXAKPLS 



- E:q>ected 

Remaining toom 



Soviet V/eaDon 


Targetable 


Aim 
Points 


Assumed 
Vulnerabili' 


ICEM: Sort 3/ai3i point- 


36 


40 


VN ll-Q-6 


100 psi l/aim point 


20 


100 . 


100 psi 


Land mobile 


io 


20 


VW ll-Q-6 




90 


17 


VN 17-P-O 


Bombers 


216 


90 


VJJ ll-Q-6 
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ri. Ti:e first wave of the Soviet attack, hcv,.ove:-, lej^as to c 
expectation of about I600 fission ..egatons delivered, and the 
non-tarsetable 'residue of Soviet forces is e.^pected to ultinat 
deliver another H30 megatons, rnus, while the U.S. counterfor 
strike effected a dra:r^tic reduction in the targetable residue 
Of soviet forces, the overall effect .^s only a reduction fro=; 
about 3000 HT to about 2100 HT total delivered against theU.S. 

12. To indicate the sienif co-»«^» ^j- 

£>asni.^^cance of tnese numbers for U S 

population fatalities. Table III su^^ri.es the results, ^d 
presents expected U.S. population fatalities under several 
assumptions concerning Soviet targeting doctrine. The first 
doctrine is a pure .military tarsetl.ng doctrine, the second con.- 
mits 80 percent of the Soviet force to nilitary targets in the 
U.S. and 20 percent to population targeting, while t.he third 

case allocates one- third of thA <5ft^M^^ 

u.jxxQ ox rne Soviei, force to population tar- 
geting. The population fatalities? fn- ^u^^^ 

^■^^^ ior these cases are obtained 

from figure 4 of Appendix ''B'' . 



Expected Total 
Deliverable Yield 
pjrom All Soviet 
Forces 

Expected Total 
Deliverable Yield 
Prom j\'on-Targetable 
and First Wave 
Soviet Forces 

Expected Total 
Deliverable Yield 
Surviving U.S. 
Counterforce Attack 
(-including Non-- 
I'argetable and First 
V/ave Forces) 



TAH..E III 
SVmAKY. OF RESULTS OF py /iT,TPT.7? 

PEHC3N? U,S. FAT.hLITIES 
" So viet Attack Doctrine 

^?^J5«^/^r^ « ^^^^ One-third 

Fission Pure Against Against 
jjegatons Military Population ptpulation 



3000 si^ 



2030 



2120 



78 



8OS0 



S6^ 



B9^ 



89^ 



90^ 
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13. It is clear fro.-, these results chat, for th±s e.-iar-.plc at 
^ least, the effect of the U.S. couaterforce strike, while percep- 
tible, cannot be regarded as a dra.-iiatic l.-!i?rove;aent for the U.S. 

1^. It is furthermore clear that no significant iraprovefflent in 
this situation would be effected by Proving the quality or 
number of U.S. counterforce weapons over the weapons assumed 
in this exaniple, since the ultL-nats lisiit is set by the non- 
targetable Soviet forces which by thenselves produce U.S. 
fatalities within one or. two percent of the results for the 
counterforce capability assumed in the exa.-nple. 

15. Sven if the United States were to take the initiative in 
the present example, it would not fare much better. In the 
present example, the non-targetable Sovl_et ^orces^alone contain 
a total expected delivery capability of; megatons, 
so that execution of even a hypotheticalfjT^eTtlT.S. initia- 
tive attack which con^pletely destroyed all targetable Soviet 
forces would leave a surviving Soviet force capable of delivering 
over a thousand megatons fission. P\:rthennore, under these 
circuiTistances (U.S. initiative attack), it see.as reasonable to 
suppose that the Soviets might retaliate against our population, • 
in which case they could exact a toll of more than 8o percent 
U.S. fatalities with their surviving force. Even a Soviet 
retaliatory attack with this surviving force which devoted only 
50 percent to population would cause 75 percent fatalities, and 
if as little as one-third of their surviving force were targeted ' 
against population, 70 percent U.S. fatalities would result. 

16. She remainder of this Appendi:: will attempt to demonstrate 
that the Situation which obtains for the preceding example is 
noc an isolated one, but is rather the general case. 
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a?. A nUinber cf different illustrative Soviet pootures have 
been chosen for the evaluation. In additicnj in orderr to pro- 
duce a convincing appraisal -of the lirdtations of coimterforcej 
the conaitions upon v;hich the follov:ins discussion is based have 
been deliberately biased in a direction which favors the success 
of U,S, counterforce efforts. As a result, the success of U.S, 
counterforce in a realistic situation can confidently be expected 
to be lov;er than indicated here^ provided the Soviets can launch 
their surviving v;eapons against the U.S. (It is, of course, con- 
ceivable that U.S. counterforce might sufficiently disrupt the 
Soviet coimnand and control system as to prevent the launch of 
any surviving Soviet v/eapons. The follovrLng evaluation is 
solely concerned with the effectiveness -of counterforce directed . 
against enemy weapons, and consequently is based upon the assiap- 

tion that no such failure of Soviet coiTiniand and control occurs.) 
< 

R£PK5SSi\^A'^IV5 SOVIST FOHCE POSTUR£S 

18, In order to study the counterforce e.Tiplo:r.nent of U.S, 
^■weapon systems, it is necessary to postulate the Soviet offensive- 
force posture against which the U.S. systenis are to be employed. ' 
Because of present uncertainties concerning future Soviet stra- 
tegic force postures, a nxuaber of different postures have been . 
chosen for the Soviet Union to be representative of the possi- 
bilities in the time period of 1S63-1967. , , • 
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20. In addition to siniply the nun-ber of Soviet weapons, it is 
necessary to delineate various postures that the Soviets might 
adopt for the basing or these v:eapons. The xigures in Table IV 
are not intended, therefore, to be accurate intelligence esti- 
mates of future Soviet post\ires,. but rather to present illustra- 
tive figures for purposes of analysis. 

21. Six different missile postures are shovm for each time 
period. These si:: postures are: 

a. I - Soft . The majority of land-based missiles in 
this case are deployed in a soft configuration v/ith three 
missiles per aim point. 

II - Hard > The niajority of the land-based missiles 
in this case are in hardened sites. 

£• III "- Mobile . Mobile land-based missiles are intro- 
duced in the 1965 snd 1967- time periods. It is assumed that 
10 percent. of these mobile missiles can be targeted in a 
, comterforce strike. 

d. IV - Dispersed . Dispersed (one per aim point) but 
still soft missiles are included in the inventory. 

e. V - Fast Reaction . In this case it is ass\med that 
50 percent of the missiles and 25 percent of the bombers 
can be launched prior to the impact of our counterforce 
missiles. 

f. VI " Accelerated . Larger numbers of land«based mis- 
siles are included and all tj^jes of siting are also included. 
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smA 

Bczobcrs 



CO^IFIGURATION 

Soft, 3 per Aim 
Point 

Soft, 1 per Aim 
Point 

100 psi 

300 psi 

lar.d Mobile 

In Port y\mong 
17 Submarine Bases 

Distributed /trnon^ 
100 Airfields 



PBPRESKIvTATIVE SOVIET STRATEGIC OPm^SIVE K)KCJS FCgTURBS 2.^ 6'^'196j 



(II) JhWJ) 



1963 1963 1967 1963 1962 j| 



300 600 900 100 J.00 100 300 



(II I) MOBILE (IV) DJ^PSnSEP {V) FAST KEACTIOIJ (vj) ACCEL^PATED 
Md 1^ M[ 1962 196?: 1963 1%1 ]SM^SI~M1 



100 100 100 300 500 500 100 

— - — 200 

— --- — gno 

210 • 330 ^^50 210 330 H50 330 

600 500 Jioo 600 500 Uoo 500 



300 



100 
Uoo 

koo 



300 300 3C0 500 700 200 2C0 200 



200 kdo 
100 100 



500 



100 100 100 200 



209 

ItOO 
2C0 



J* 00 
'»00 
200 



330 k30 210 330 1*50 210 330 '150 



^00 600 500 hOO . 600 500 1*00 



« 



I 



ill 

1 



j:1 

o m 



O 



Ul 

o 



TAT)T.E TV ((:r>nt-i.nucci) 

so so 90 90/10 90/10 50 50 so so 50 90/10 so/10 90/10 



90 90 90 



ICDM Dstectabillty {^)^^ 
Reaction . 

0/5 0/5 0/5 0/5 0/5 0/5 0/5 ^ 0/5 0/5 • 50/a5 0/5 0/5 0/5 

Eirpectcd Total Delivered "'" 

ricclcn Yield if Unattackc( 

W . 

Expected Total Delivered 
FlDsion Yield from Non- 
Targetable Element g (m') 



' i 



2S. It hc:s been ai^stLinec: in these cesea that 90 percciit of t;:e 
ri>:ed enemy land-basec nicslles have locations vrhich are Jcnov;n 
to the United States v;ith sufxicient accuracy oo that they may 
be targeted. This is a S02iisv:hat opti.Tii3tic asEujnption and has 
been nade in order to determine the lirait of tiie greatest degree 
of success vrhich one could hope for, for ccunterforce strikes. 
In the event that v^e are not, in fact, able to detect this large 
a fraction of Soviet ndssile sites, the- effectiveness of U.S. 
counterforce strikes Kill, of course, be reduced. 

23. 



TABLE V 
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2^. In oi'der to e:n)lorc the potential value as v/ell as tiae 
limitations oT U.S. initiative counterforce attacks^ calcula- 
tions roi- a number of hypothetical attaclcs on the preceding 
representative Soviet force postures have been performed. In 
order to siniplify the calculations each attack V7as perfor^ued 
entirely by a single idealized U.S. v/eapon systeai rather than 
by a irmiture of U.S. systems. Althoiigh any actual case would, 
of course, involve a Tnir-iture of many U.S. v;eapons of diverse 
characteristics, the present procedure of considering only 
ideal pure, systems serves adequately for investigation of the 
possibilities and limitations of U.S. initiative attacks. 

25. Por each particular case calculated (consisting of a par-^ 
ticular number of U.S. weapons against a particular Soviet pos- 
ture), the U.S. weapons vjere optimally targeted against, the 
Soviet force to minimize the U.S. Natalities which could be pro- 
duced by the sur\'ivins Soviet force. The U.S. fatalities v;hich 
then result from retaliatory employment of the survivins Soviet 
force against U.S. population serve to measiare the accomplishment 
of the U.S. initiative counterforce attack. 

26. The fatality calculations are based on the methods and 
results of Appendix "D" to this Enclosure, and are estimates of 
direct Tatalities due to blast and fallout only. Because of the 
additional effects of firestorms, and indirect effects caused by 
u:-;;. 'rganlzation of society, destruction of communications, genetic 
ai?m??-e, destruction of livestock, etc., these fatality estimates 
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:rov. 



•trcent tijt: ct>nptqu'=>ncf;c, irj terrnr. cl' 



"U.S. I's-talities produced by surviving Soviet forces, of* those 
hM5oth3tical U.S. initiative attacks on tne representative Sovtet 
force postures given in Table IV .for the years I963, lpo5, and 
1967. 



29- The general behavior of the curves of Figures 1 througli 3 
consists of a fairly rapiC initial reduction in U.S. popiaation 
fatalities v;ith increasing nambers of U.S. weapons employed in 
the initiative attack, followed by decreasiriS effectiveness as 
the n\mbers increase further, and finally flattening out at a 
constant level of casualties vjhich is not diminished v;ith further 
increases in U.S. weapons. .This lov^er limit to the population 
fatalities corresponds to the residue of non- targe table Soviet 
forces — the on-station submarine -launched ballistic missiles, 
the alert or non-targetable fraction of manned bombers (5 per- 
cent), the assiamed 10 percent of fi>:ed-based missiles of tmknown 
location, and the forces which escape prior to impact of the U.S. 
weapons in the fast reaction case and 90 percent of the mobile 
force in the mobile case. 

50. In order to illustrate the variation of results v/ith assigned 
U.S. v/eapons characteristics. Figure 4 presents the results for 
the year 19^5 ^or the same yield, CSP, and reliability, but for 
the case v/here the vjeapon is not ass'omed to be reprogrammable. 
The ultimate limits for this case are, of course, the same as 
if the v;eapon were reprogrammable, since t})e limits correcpcnd 
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5?FSCTIVSrI5S5 Hi PREvirMTIMG U,S. 1PAT!^1?.1ES OF IIYPOTMSTICAL 



U.S. I??IgZA?Xv^ AypACKS 01: PIBPRSS^a'TATIV" SOVIET yORC2 POSTURES 
^ 4^:^; YEAa 1963) 

4 



J 



FIGURE 2 



£F?ECTJyE:' IES 3 IN PREVEHTI^iG U.S. FATALITIES OF IIYPOTHETICAL 
U,S. ll'lx'rxATrJE ATTACKS Oil FiijpHKSENTATIVE SOVULT FORCE POSTURES 



jc= ~ (CASE: YEAR lc,o^) ^ 

FIGUJFIS 3 

EFFECTiyEI'JESS IN PRE ^ /T-ITTING U.S, FAT/iLIT IHS O F KYPOTHETICAL 
U.S. IIJITJ-ATIVE ATuAC-CSJjr; HEp:-\ES:Xl-jTATIVE SOVIET FORCE POSTURES 



FIGURE 4 



■ iFFECTr^^MESS PREVEIiTEG U.S. FATALITIES OF ^HYPO THETICAL 
7 .S. INIT.LATi.VE aT^ACKS OK REPHESEmrlVE SOVIET FORCiE PCSTU aFS 

{ CASE: gAR I9o5) ^^^^^^^^ 



«rr. 



1 



FIGURE 5 



ilCTxVE^JESS I?; PREVEMTING U.S. FAT.^LITIES OF HYPOTHETIC AL 
:iM'xTIATj.'./E AT-TAC-KS ON RiiFRSSEIfrATIv^ SOVIET FCRC3 ?5sTURES 
' (CASE; YEAR l9'o5) 
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EFFECTIVENESS IN PREVENTING U.S. FATALITIES OF HYPOTHETICAL U.S. INITIATIVF ATTACKS 

ON REPRESENTATIVE SOVIET FORCE POSTURES 
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CASE: - Year 1967 
U>S. Weopon Cha racforisfics; 
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fAIAllTllS r»OM All CAUStS . 



CASE: Year 1965 
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No AcHve Missile Defense 
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CASE: Year 1965 
U.S. We opon Choro cterisr?cs 



Not Reprogrammable 

No Active Missile Defense 

or Fallout Shelters * 
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r.i;:?iy to the ncn-tr-.r:;etc:bls rsciduen; of the Sovler i'orceD. Th-bze 
limits are, hov:ever, approached soinevvhac nore slov/ly in this case. 
Pirrure 5 shov.'s the efl'ect of a further reciu ction in the qualit;; of 
the U.S. offensive riissile by assuniiDsj^^ 
and also no reprosrarjr.ing . 

31. Since the as-j-Tiptotes of the figLires do not depend M-pon the 
U.S. v;s?,pon charac"::eristics ^ and also serve to n^easure the ulti- 
mate possibilities J the subsequent discussion vjill be concerned 
only v:ith these limits. Table \KL simniarlzes these -ultimate limits 
for the various Soviet postures and the three time periods 
considered. 

TAHLS VI - 

PEHCBOT U,S. POPULATION FATALITIES FisOM R5 ?. ^IAT0KY- EI-iPLO^n-IENT 
OF THE K0:I-T7-3:0KTABL-£ RriSIDUE Oi^' SOVIEX ?OHCSS 
(;-JQ SHELTERS OR AICH4) 



SOVIET P03TUB5 1963 19^5 19^7 

(Percent) JTercQn'C) (Percent; 

I (SOFT) 47 59 67 . 

II (jiATJ)) 47 57 03 

III {mobile) — 78 91 

IV (DISPERSED) — 57 ■ o3 

V (FAST FRACTION) 82 90 94 . 

VI (ACCELEFJiTED) - 47 8I 94 

32. From Table VI it is seen that in the most favorable case 
the U.S. could suffer 47 percent population fatalities ift-iiile in 
the fast reaction, .mobile, or accelerated cases in VN'hich a larger 
fraction of the Soviet force is not tar^etable, the U.S. fatalities 
range from nearly SO percent to 94 percent of the total population. 

33. Since the assumptions upon which Table VI are based have 
been deliberately chosen favorable to U.S. initiative counter- 
force the fatality estinates are lovrer bounds, 90 percent of 
fixed Soviet ICH*I bases were assvuned to be targetable, and com- 
plete destruction of all targetable forces vras. assuined — the 
outcome of any realistic case is likely to be a good deal worse. 
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It Iz clear Ti-oni these results thiit (ii: the absence of an 
errective civil defense procrain and/or ballistic rrJ.ssile active 
• defense) the prospects of a satisfactory'' oiatcone fro^-n a U.S. 
initiative attack are not £Ood. The Jiext section investigates 
the potential contribution of active and passive defense. 

co>rrRiBu?joi: of ?/;S3Ivz ai-td acttje de:?e\:ss ?teasur£3 

35. In order to illustrate the potential contribution of fall- 
out shelters to blunting the effectiveness of a Soviet retalia- 
tory attack, the calculations of Table VI have been repeated for 
the case of the -U.S. population fully sheltered according to the 
assuiTiptions of Appendix "D" , The results of this calculation 
are presented in Table VII. Table VII thus presents percentage 
of U.S. population fatalities vihich might be expected fro^n the 
retaliatory employment of the non- targe table residue* of Soviet 
forces against a sheltered U.S. population, but v:ithout any 
active ballistic missile defense. 

TAJBL5 VII 

PERCSMT U.S. F0PULATIOi\' FAT.^ITIES FROK RET/^.IATORY EMFLOYISI'rp 
OF T}ig >-^ON-TAKGETABI.£ ?jZSlWii OF SOVIET FOKCI^S 
POK TH5 CASD 0? F'JLLY SHELTERED a/ U.S. POPULj^TlQN (NO AICS^Q 

YEAR 



SOVIET P05TUH5 1963 1963 1967 

" . ^ . (Percent^ (Percent} (Percent) 

I (SOFT) 26 33 39 

II (HAHD) 25 32 36 

III (MOBILE) — -^8 59 

IV (mSPERSKD) . — 32 36 . 

V (fast REACTION) 50 57 62 

VI (ACCELERATED) 26 50 62 

a/ For shelter assu-mptions, see Appendix "D". 

36. It is clear fron Table VII that provision of fallout 
shelters to the U.S. population causes a further reduction in 
the casualties (beyond the reduction due to the U.S. counter- 
force attack) to be e:>zpecte6. from the emplo^Tnent of the residual 
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Soviet Torcec. The reduction in fatclities ranses frcin 22 per- 
cent to 33 percent of the entire U.S. population, v;liich represents 
a saving of about Uo million to 60 rJ.llion lives. 

37. In order to properly assess the significance of this cal- 
culation, it is necessary to bear in mind certa.in features of 
the assunied shelter program. In the first place, the effective- 
ness of the shelters v:as deliberately chosen conservati^'ely in 
order to approximate a lov/er bound to the effectiveness which 
r»ight be realized by a fallout shelter program. No provision v/as 
made for the einploy:nent of decontamination procedures upon exit 
from the shelters, nor v/ere sufficient stocks of food and water 
supplied to last for more than a month or sc. These measures 
could significcintly increase the effectiveness of the shelter . • 
program. 

38. In addition, no allowance has been made for the possibility 
of a fallout shelter program designed^to shelter only a part of 
the entire U.S. population. By optalRally choosing the geographic 
regions of the United States in which to apply sheltering, the 
number of lives potentially saved for a given cost could be con- 
siderably greater than for the case in vjhich the entire U.S. popu- 
lation is sheltered. Witii these considerations the costs "of 
saving lives by fallout sheltering iraplied by Table VII ($900 to 
$l400 per life saved based on a conservative estimate of $300 per 
person sheltered) may properly be regarded as overestimates. For 
the optinal deplojTr.ent of a partial shelter program, the cost per 
life saved might approach the basic cost per person sheltered. 

39. For purposes of assessing the potential contribution of 
active ballistic missile defense to blunting the effectiveness of 
a Soviet retaliatory strike, it is only necessary to observe that 
active missile defenses perform the same function iii this respect , 
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as Gtr;..te£;ic cffensive v;eapons employed in the countei'iorce role; 
naniely, the reduction in the nu.Tibsr of vjeapons inipacting in the 
United States. Since this is the case, olfensive weapon systenis 
ana active defenses can be considered to be direct competitors 
for purposes of blunting enemy attacks and nay be coinpared on a 
basis of cost per enen-y v?eapon killed independently of the assmnp- 
tlons of fallout sheltering and of the actual fatality level 
produced. 

40. In order to gain some appreciation for the order of magni- 
tude of the costs per unit enemy warhead killed by offensive mis- 
sile systems^ Tables VIII and IX present these costs for two dif- 
ferent exemplary U.S, missile systems. Table VIII presents the 
cost per expected deliverable viarhead kill for a hypothetical U.S. 
ICK«i 



jince the returns progressively -diminish as more 
than- one weapon is'^assigned to the same target, these costs are 
presented as the costs associated with each successive weapon 
assigned to the target. The costs are presented for each major 
type of target considered in the representative Soviet force posture 

?ABLE VIII 

COST.Ji.i'alU-ION) PER T-r^-^.r.'?'f^Ti n-T.TinroAT:j. ?: v;aRHSAD KILL 

Counterforce . TARGET ^ , 

v;eaoon sSft 7§5ft Io5TsI 300 psi 

Assigned 3/Aim Point 1/Aim Point Soviet Soviet 

to Tars;et Soviet ICH^I Soviet ICBM JCBH lOBi^l ^ 

^ Millions; Millions; ($ Hiliions; Millions; 

1st v;eapon 6.4 19-0 22.4 35-6 

2nd Weapon 158.0 475-0 121.0 73-1 . 

3rd Weapon 3,960.0 11,900.0 6^=^-0 J.5O.O 

a/j_ Assunro^ioiiSjJ 



"Sovle'C HJiiw re±2.'G.L,±x±l^ *-'.T5. " ' 

b/ III the ''fast reaction" case, all costs should oe 
doubled to reflect the fact that 50 percent of the 
Soviet force is launched prior to impact of U.S. 
ICBM's. 
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